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This Self-Study Program covers information on 

the Volkswagen Occupant Protection Systems. 

This Self-Study Program is not a Repair Manual. 
This information will not be ups 
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For testing, adjustment and repair 
procedures, always refer to the latest 
electronic service information. 
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Introduction 


Occupant Protection System eS 
D 


The overall occupant protection system is sub? 
divided into the two categories of active and passive 
safety. The following overview Is intendedto show 
which safety elements are assigned to active and 


which to passive occupant protection. 


2 
Active Safety ov 


O 
Active safety encompasses everything that may 
contribute toward preventing accidents wherever 
possible. This includes direct and comfortable 
steering, good engine/transmission characteristics 
and coordination, good traction, and effective brakes. 





Fatigue-tree seats, clear visibility, good climate 
control plus clear and uncomplicated controls and 
displays help to maintain the driver's: safety. 


The active safety systems include thé-following 
systems, for example: p 


O 
© 

— Anti-lock Brake System — ABS eS 
— Traction Control System — TCS K2 
— Electronic Stabilization Program — ESP 
— Electronic Brake Distribution — EBD Yi 
— Adaptive Cruise Control — ACC 
— Electronic Differential Lock — EDL 
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Passive Safety 


Passive safety refers to all design engineering 


Í . „cÒ 
measures which serve to protect vehicle occupants oo 
from injury and to minimize the risk of injuries in the oe 
event of an accident. g 


The term particularly refers to crash behavior ang? 
gives consideration to both personal protectiomand 


the protection of other road users in the event of an 


accident. = 


. . oF 
The most important passive safety features in 


modern vehicles include: 


Orin 


— The safety belt system with safety belfpre- 
tensioners, Including child restraint systems 


— The airbag system, consisting of front, ‘side and 
Side Curtain Protection airbags 


cial purp 


— Arigid passenger compartment with © 
corresponding root stiffness plus crumple zones 
in the front, rear and side areas (these protect 
occupants by dissipating impact energy) =% 


O 

© 
P i % 
— Roll-over protection for convertibles S 


l . KCI 
— Battery interrupter devices Cn 
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General Outline of Safety Belt and Airbag System Development in Automobiles 
„wagen AG. Volkswagen 4 G doe 
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Lap Belts = 3-Point Safety Belts Front Head Automatic Safety 
(static belt) e (static belt) Restraints Belt Retractor 
4 8 
= 
J O 
= = 
© z 
Safety Belt Development § 
G% 2 
o` 
— Back in 1903, Frenchman Gustave Desiré Lebeau — The launch of the automatic retractor in 1969 
patented a safety belt, in the*form of a shoulder meant that the safety belt was retracted under 
belt which was worn crossways. However, safety spring force and always adapted itself to the 
belts were not generally availabléauntil 1957 wearer. È 
Initially installed only at the front, these were still B h -on ety belt on vehicle 





pure lap belts, which held the body in the seat In 

the pelvis area. The upper body was not héldin 

the seat, and was not protected against a frontal?!e)o,_, 
crash. 


occupatits’ bodies was improved by the new 
shoufdet h ightbadjustment feature. This enabled 
the upper anchorage point on the vehicle body to 
be adjusted so that the belt routing adapted very 
— In 1958, Nils Bohlin patented the first 3-point well to the wearer's size. 
safety belt. In 1959, the first automobile 
manufacturer fitted these safety belts as standard. 
With the 3-point safety belt, the entire upper 
body was restrained. Initially, these belts were 
still “static” and did not adapt to the body of the 


— In 1980 — In combination with a driver airbag 
— a Safety belt pre-tensioner was introduced 
for the first time on the front passenger seat. In 
the event of an impact, this tensioned the belt 
and ensured that the safety belt was positioned 


wearer. 
taut against the wearer's body. The system was 
— The safety belt system was enhanced by head additionally enhanced by belt tension limiters 
restraints, which were first Implemented in (safety belt loops, torsional limiters). 


1968. The neck area was protected against 
overstretching during occupant movement to the 
rear after a crash and also In the event of rear 
Impact. 
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Front Airbags — Driver 
Airbag, Safety Belt 
Pretensioner — Front 
Passenger Side 


Shoulder Height 
Adjustment 


Airbag Development 


— Apatent for an airbag was first registered in 
Germany by Walter Linderer in 1951. The patent 
was issued in 1953. It was only later — trom 
1980 onwards — that the first airbag was fitted as 
Standard in an automobile (starting in the USA). 


High-volume airbags were used in the USA, 

as the wearing of safety belts was nota legal” 
requirement in many states. In Europe, lower 
volume airbags were used, as safety belts were 
required to be worn by law. RY 


Airbags for the driver were introduced first, 
followed by passenger airbags® 


N 
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Never rely on airbags alone for 
protection. Even when they deploy, 
airbags provide.only supplemental 
protection. Airbags work most 
effectively whe used with properly 
worn safety belts, Therefore, always 
wear your safety belts and make 
sure that everybo An your vehicle is 


Important! 
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Side Curtain 
Protection 


Side Airbags 


— lo protect against lateral Impact, side airbags 
were Introduced in 1994. Depending on options 
selected, these were installed for the front and 
also the rear seats. This lateral protection was 
subsequently extended to the upper areas of 

e curtain airbag was developed to 

achieve this. [hissstretched across the length of 

the window and prottergd the head area. 


— loday, airbag ai ‘igfocused on 
deployment strategies, occupant position 
detection, and the unfolding of the airbag | in order 
to reduce the risk of injury. 
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Passive Occupant Protection System 


— Body design 
— Airbags 
— Safety belts 


— Safety belt pre-tensioners 





— Safety belt tension limiters 
— Seat design with active head restraints 


— Child restraint systems 
Right Side 
— Battery interrupt devices Curtain 


— Control module and sensors Protection 






Front Passenger 
o Side Airbag 
Note This illustration shows a general 


example of a vehicle's passive Front 
occupant protection equipment. Passenger 
Different variations are possible Airbag 
depending on vehicle model and 

options. 








Upfront Crash 
Sensors 
ee . Ai 
Note Model-specific information on the Aa 
airbag systems can be found in the Module 


relevant Self-Study Programs. 
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Rear Side 
Airbag Crash 


Sensor 
Safety Belt 


, Pre-Tensioner 
Driver 


Side 
Front Side Airbag 

Airbag Crash 

Driver Sensor 

Airbag 


For reasons of clarity, the right-side crash sensors 
and safety belt pre-tensioner are not shown in the 
illustration. 
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System Component Networking 


The passive safety system consists of the following 
components: 


— Airbag control module 

— Driver and front passenger airbags 

— Side airbags — driver and passenger 
— Side curtain protection 

— Crash detection sensors 

— Safety belt pre-tensioners 

— Belt tensioner limiters 

— Rollover protection for convertibles 


— Battery interrupter elements (only in vehicles 
in which the battery is installed in the-interior/ 
luggage compartment) 


— Switches in the front safety belt latches 
— Seat occupied sensor, front passenger seat 
— Active head restraints om the front seats 


Legend 


DLC Data Link Connector 

E24 Driver's Safety:Belt Switch 

E25 Front Passenger's Safety Belt Switch 

G179 Driver's Side Airbag Crash Sensor 

G180 Front Passenger's Side Airbag Crash Sensor 

G256 Rear Side Airbag Crash Sensor (driver's side) 

G257 Rear Side Airbag: Crash Sensor (passenger's side) 

G283 Driver's Front Aifdag Crash Sensor 

G284 — Front Passenger’s-Front Airbag Crash Sensor 

G452 Seat Occupied Recognition Pressure Sensor 

G453 = Seat Occupied Recognition Safety Belt Force 
Sensor 

G551 Driver's Belt Force Limiter 

G552_ ~—s«~Front Passenger’s Belt Force Limiter 

G553 Driver's Seat Position Sensor 

G554 Front Passenger's Seat Position Sensor 

J234 Airbag Control Module 

J285 Instrument Cluster Control Module 

J393 Comfort System Central Control Module 

J533 Data Bus On Board Diagnostic Interface 

J623 Engine Control Module 

J706 Seat Occupied Recognition Control Module 

K19 Safety Belt Warning Lamp 

K75 Airbag Malfunction Indicator Lamp 

K145 Front Passenger's Airbag Disabled Indicator Lamp 


The adjacent system overview shows all possible 
passive occupant protection system components 
and their networking. 


Not all of these parts necessarily have to be fitted in 
each vehicle model. 


Comfort System Central Control Module J393 
interfaces with these components to provide 
convenience functions such as: 


— Switching ON the hazard lights 
— Switching ON the interior lights 


="UAlocking the doors sends a signal to cut the fuel 
supply in the’event of a vehicle crash 


N95 Driver's Airbag Igniter 
N131 Front Passenger’s Airbag Igniter 
N132 Front Passenger's Airbag Igniter 
N153 ~~ Driver's Safety Belt Tensioner Igniter 1 
N154 Front Passenger's Safety Belt Teñsioner Igniter 1 
N196 Rear Safety Belt (driver's side) Tensioner Igniter 
N197 Rear Safety Belt (front passengér’s side) 
Tensioner Igniter 
N198 Center Rear Safety Belt Tensioner Igniter 
N199 Driver's Side Airbag Igniter 
N200 Front Passenger's Side Airbag Igniter 
N201 Rear Passenger Side Airbag (driver's side) Igniter 
N202 Rear Passenger Side Airbag (front passenger's 
= side) Igniter 
<¥ Driver's Airbag Igniter 2 
# Driver's HeadCurtain Airbag Igniter 
Front Passenger's Head Curtain Airbag Igniter 
Battery Interrupt Igniter 
Driver's Knee Airbag Igniter 
Front Passenger’s Knee Airbag Igniter 





Not Shown: 
N309 Driver Rollover Protection Solenoid 
G554 Front Passenger Rollover Protection Solenoid 
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Types of Crashes 
Accident analyses in Germany show that A third of accidents primarily affect the left/right side 
approximately one-half of all severe accidents and of the vehicle. The rear end and roll-over are affected 
accidents Involving injuries occur at the front of the to lesser extents. 
vehicle. 

Front => 51.1% 

Rear > 14.1% 

Side =p 32.0% 

Roll-over < ` 2.8% 





Data source: GIDAS 


GIDAS (German in Depth Accident Study) is a joint venture project between the Federal Highway Research 
Institute and the Forschungsvereinigung Automobiltechnik e.V. (automobile technology research association). 
According to a random sample plan, some 2000 accidents per year are studied by two research teams in the 
areas of Hanover and Dresden. The data acquired in this way are regarded as statistically representative for 
answering many questions. 
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Impact Situations 


The various airbags serve to protect the occupants according to the relevant impact directions In the event of 
a crash. When the airbag control module has detected crash parameters of sufficient severity, the systems are 
activated. Depending on the impact direction or angle, only certain airbags are activated. 





Crash — Front 
Depending on thesseverity of the accident, only the eee 
Al 


safety belt pre-ténsioners or the safety belt pre- è +" 
tensioners and front airbags for the driver and front E Ti 
passenger may be deployed. fs | 

l t > i 


Crash = Frontal Offset 


The safety belt pre-tensioners or safety belt pre- 
tensioners and front airbags for the driver and 
front passenger and/or the relevant Side Curtain 
Protection airbags and/or the side airbags may be 
deployed. 





Crash — Side 


Depending on the vehicle model, the side airbags, 
curtain airbags and safety belt pre-tensioners on 
the side of the vehicle affected by the crash may be 
deployed. 





Crash — Rear i y 


Depending on the vehicle model, the safety belt | 
pretensioners and the battery interrupter element i a 
may be activated. 
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Theoretical Sequence of a Frontal Crash 


At a speed of 35 mph (56 km/h) a period of 
approximately 150 milliseconds passes between the 
point in time of impact against a rigid obstacle and 
the braking vehicle. Within this short period of time, 
a vehicle occupant has no opportunity to react. He or 
she participates passively in the accident sequence. 





Within this “blink of an eye”: 


— The safety belt pre-tensioners 


— The relevant airbags and 


z= 
® 
O) 
c 
® 
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— The battery interrupter (if equipped) must be 
activated 


These individual actions are controlled by the Airbag 
Control Module. 


Note The illustration shows the theoreticabwasen 
principle sequence of driver andfront 
passenger airbag and safety belt pre- 
tensioner deployment, <®™ 

C 
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Theoretical Time Sequence of a Lateral Crash 


As the crumple zone between the impacting vehicle and 
the occupants Is very small, the protective measures must 
be introduced and carried out within the shortest possible 
time. 


The side airbags and Side Curtain Protection airbag are 
inflated fully within approximately 15 milliseconds. 





To maintain the protective function of the curtain airbags In 
the event of a possible secondary accident or rollover, the 
side Curtain Protection airbags remain inflated for a longer 
time period. 


Note The illustration shows the theoretical 
sequence of side airbag, curtain 
airbag and safety belt pre-tensioner 
deployment. 
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Airbags 

Driver Airbag 
The driver airbag is inflated by a pan-type gas oo 
generator. Its name is taken from Its “pan-like” > 


shape. This design form Is particularly suitable for’ 
installation in the center of the steering wheel? 


The generator can be either a single stage or two- 
stage version depending on the vehicle model. 


£ 
D 
£ 
= 
S 
nN 
O 
het 
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Driver Airbag Inflated 





ase” AG. Volkswagen AG i 
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The driver airbag’s gas generator i8integrated Into 
a housing which ts installed centrally in the steering 
wheel's impact absorber. This is also referred to as 
the airbag module. on 


Important! Airbag modules and pyrotechnic safety belts are devices that contain explosives. They can 





cause serious personal injury and death if they deploy inadvertently during service, removal, or 
installation. Always handle airbags and safety belts with pre-tensioners properly and with extreme 
care to reduce the risk of inadvertent deployment. Always follow all safety instructions in ElsaWeb. 
When working on the airbag system make sure that any repairs are done correctly. When replacing 
air bags and pyrotechnic safety belts make sure they are mounted correctly. 


Passive Occupant Protection Systems 





Front Passenger Airbag 
The front passenger al(bag's, gas generator is 


Tubular gas generators are usually employed to e 
integrateddntd a housing which isdnstalled in the 






inflate the front passenger airbag. These can be both 
solid fuel generators and hybrid gas generators. up right area of the instrument panelThis unit Is 
The generators can be either a single stage or two- also referred to as the passenger airbag module. 
stage version depending on the vehicle model. £ To fill the increased gap between the instrument 
ay panel and front passenger in the event of a crash and 
offer good protection, the front passenger airbag has 4. 
ZS 


a different shape and a larger volume than the driver @ 


airbag. 


Front Passenger 
Airbag Inflated 


Gas Generator 
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Side Airbags 
Tubular gas generators are used to inflate the side The airbag modules in the front seats are installed 
airbags. in the outer seat backrests. The airbag modules in 


The gas generators are either single-stage solid fuel the rear a ay i IA AURA Eae E ea 
backrests or in the side trim. 


or hybrid gas generators. 


The illustration shows a vehicle with all of IS SIAC agen» 
airbags deployed. In the event of a\latéfal crash, G doss 





l og 
however, only the airbags on.the affected side of the Way. 
i N 
vehicle are deployed. KO Mee, 
2 S 
@ Co 
Ss EG 
> Front Side =, 
S Airbag, “Z 
N a g, 
Passenger 


Side, Inflated 















Gas 
Generator Rear Side 


q Airbag, 

O Passenger 

g Side, Inflated 
Ss 

g Gas 

o Generator 


= 


Front Side 
Airbag, Driver 
Side, Inflated 





Gas 
Generator Rear Side Gas 
Airbag, Driver Generator 
Side, Inflated 
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Side Curtain Protection Airbags 
2 


“Tubular gas generators are used to inflate the Side 

= Curtain Protection airbags. Due to the Installation 
conditions, which are usually very constricted, the 
generators have a very slim design form. 


- 

O 

3 
= The gas generators are single-stage hybrid gas 

D generators. 

5 The illustration shows a vehicle with both Side 

© Curtain Protection airbags deployed. In the event 

sof a lateral crash, however, only the airbag on the 
atfected side of the vehicle is deployed. 


oO 








Driver Side 
Curtain Protection 
Airbag, Inflated 


SS hoy 


assive Occupant Protection Systems 


Front Passen 


= 


In the Side‘Curtain Protection airbag module, the gas 
generator is*connected to a gas lance, which serves 
to rapidly and reliably distribute the airbag inflation 
gas in the airbag. The gas lance Is integrated Into the 
Side Curtain Protection airbag. It may be designed as 
a metal tube or a fabric hose. 


Depending of the vehicle model, the gas generators 
may be installed in the front root area beneath the 
sun visors, in the area of the B-pillar, between the C- 
and D- -pillars and also in the rear roof area. The type 
and shape of the Side Curtain Protection airbags are 
also adapted to the relevant vehicle model. 

R 


© 


Ò 
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ger Side 


Cu rtain Protection 


o 'Aitbag, Inflated 


Gas Lance 





Gas Generator 
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Head-Thorax Airbags b 
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In convertibles head-thorax airbags are installed as These airbags are installedin the: 
side airbags. Q 
ea £ P vas — New Beetle Sedan = 
T e airbag;is designed in such a way t at it hee. M E 
simultanedusly acts as a side and curtain airbag. D 
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Airbag Gas Generators 


At the start of airbag development, gas generators 
which operated according to the principle of solid 
fuel combustion were used exclusively to inflate the 
airbags. Hybrid gas generators were subsequently 
used in addition to solid fuel generators. 


If the airbag control module detects a crash 
severe enough tor deployment, it activates the 
corresponding gas generators. 


Depending on the vehicle model, one- or two-stage 

gas generators may,be,uwsed for the driver‘and, front 

passenger airbags. In a one-stage gas generator, the 
entire gas generant Is always ignited In one stage. 


In gas_.génerators with two stages, the two gas 
generants are activated in succession following a 
time lag. The airbag control module decides on the 
time gap between the two ignitions depending on 
the severity and type of accident. Depending on 
the vehicle, the lag may be between 5 milliseconds 
and 50 milliseconds. Ihe second stage supplies the 
airbag with an additional volume of air. 


With the exception of the Phaeton and New Beetle, 
both stages are always ignited. Ihe second stage 
of the front passenger airbag on the 2004 and later 
New Beetle sedan and New Beetle Convertible, 
and both the driver and passenger front airbags on 
the 2005 and later model Phaeton sedan, may not 
deploy every time the first stage deploys. 


Deployment of the second stage depends on the 
nature of the collision as registered by the Airbag 
Control Module. 


Whenever performing repair or rescue operations on 
these Volkswagen vehicles, always agst#ne that the 
second stage, of the Advanced rare. has 
not deployed and,tollow all of the usual precautions 
when working in the area, of this potentiallwetive” 
and undeployed airbag. 


During a rescue, this second stage cannot be 
accidentally deployed by its sensors if the ignition is 
turned off and the battery (or batteries) have been 
disconnected. 


Solid Fuel Generators 


The solid fuel generators consist of a housing with a 
solid fuel charge and integrated igniter. 


The structure and shape of the generator housing 
are adapted to the Installation conditions. The 
generators are identified according to their design 
form, |.e., pan-type gas generators and tube-type gas 
generators. 


The solid fuel is in tablet or ring form. Following 
ignition of the solid fuel, an inflation gas is produced; 
this is not hazardous to the vehicle occupants and 
consists of almost 100% nitrogen. 


Hybrid Gas Generators 


Hybrid gas generators consist of a housing with an 
integrated igniter, a solid fuel charge and a stored 
gas whichels compressed under high pressure. 


The structure and shape of the generator housing 
are adapted to the Installation conditions. These 
generators are usually tubular. 


The main components are the pressure vessel with 
the airbag inflation gas and the gas generant (solid 
fuel) whichis integrated into the pressure vessel or 
flanged onto it. 


The solid=tuel is in tablet or ring form. The stored and 
compressed gas is a mixture of inert gases, usually 
argonsand helium. Depending on the design of the 
gas-generators, this Is pressurized to between 2900 
ost (200 bar) and 8700 psi (600 bar). 


Ignition of the solid fuel opens the pressure vessel 
and leads to the production of a gas mixture 
comprised of the solid fuel gas generant and the 
Inert gas mixture. 


Note All non-ignited gas generators 
are hermetically sealed from the 
environment. 
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Gas Generator for Driver Airbag 
One Stage — Solid Fuel 


Due to its pan-like design form, this generator is also 


Function: 
referred to as a pan-type gas generator. The igniter Is Le 
located centrally in a round housing (pan). The solid — The igniter is activated 
fuel is distributed around this in a ring shape. A metal 


filter is installed between the solid fuel and the outer 
housing wall. The metal filter has the task of cooling 
and cleaning the gas produced. This ensures that the 


— The gas produced flows through the metal filter 
into the airbag 

entire gas generant in generator combusts and that 

no burning components enter the airbag. 


— [he gas generant is ignited and is burned off 
quickly 


The generator is electrically connected to Airbag 
Control Module J234 through the spiral spring 
assembly in the steering wheel. 





Generator — Not Ignited 


Gas Generant 


Outlet 
os Openings 
Metal _ Qa D å å „l 
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Two Stage — Solid Fuel o 
9 7 
@ | v. 
Pan-type gas generators with two deployment 4 
oN 5, 
stages are also installed on the driver's side, A 
depending on vehicle model. A 
.© a 
T 3 
O 
& Generator — Not Ignited Z 
O = 
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T Housin Cap Q 
2 Gas g ° Gas 
i Generant 1 Generant 1 
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Charge Igniter 1 


Igniter 2 Generant 2 
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Generator — 1stDeployment Stage Ignited 
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Function: 


C. 
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B 
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F $ 
. . e S 
— Igniter 1 is activated g 
— The ignition charge is ignited. This ignites the actual gas generant via the nozzle bores. 
— The gas ofoduced deforms the gas generator housing and enables the gas to flow out 
Z = 
— The gas produced flows through the filter into the airbag S 
(p) Ə 
a a 
DS 
S 
$ 
Gas to t ie 
Airbag © 










Gas to the 
Airbag 


Igniter 1 
Activated 


Generator — 2nd Deployment Stage Ignited 
Function: 


— Igniter 2 is activated 
— The gas produced enters the airbag via the 1st stage combustion chamber and the metal filter 


Gas to the 
Airbag 


Gas to the 
Airbag 


Igniter 2 
Activated 


25 


Passive Occupant Protection Systems 





Gas Generator for Front Passenger Airbag 


Tubular gas generators are used for the front 


passenger airbags. Ihey are also called tube-type gas 
generators. 


Function: 


— The igniter is activated 


— The ignition charge Is ignited; this then ignites the 
One Stage — Solid Fuel actual gas generant 


— The gas produced flows through the metal filter 


The generator consists of a housing, into which an into the airbag 


igniter, an ignition charge and a gas generant are 


integrated. A metal filter is installed between the gas 
generant and housing. 
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Two Stage — Solid Fuel (variant 1) 
The gas generator consists of a housing in which two solid fuel generators (separated by a partition) are located. 


Function: 


— Igniter 1 is activated 
— Ignition charge 1 is ignited; this then ignites gas generant 1 after breaking through the rupture disk 


— The gas produced flows through the metal filter into the airbag 


Generator — Not Ignited 











Rupture Disk Gas Generant 1 Filter Disk Gas Generant 2 
Igniter 1 
Igniter 1 
Ignition 
Charge 1 Ignition 
Charge 2 


Spring Metal Filter | Separating Disk Outlet Openings 


aenean gtst. Deployment Stage Ignited 





RO Gas to the Airbag Mog Ou, 
Igniter 1 i 
Activated 
uneon S Gas to the Airbag a 
© 3 
— Igniter 2 is activated 2 
& . x 
— The procedure.continues after deployment of the 1st stage Q 
. . . 5 
— The gas produced flows through the metal filter into the airbag Q 
a Q 
E S 
O O 
T Generator — 2nd Deployment Stage Ignited i 
% Gas to the Airbag Ss 
a s 
i | Igniter 2 
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Two Stage — Solid Fuel (variant 2) 


The gas generant for the ignition charge consists of 
tablets. Hollow tablets are used for gas generant 1 


and 2. The hollow design allows faster ignition of the 
gas generant. 
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Generator — 1st Deployment:Stage Ignited Z, 
3 
l QD 
Function: oO 
Q 
S 
— Igniter 1is activated = 


= n 


— Ignition charge 1 is ignited; this then ignites gas 
generant 1 after breaking through the rupture disk 


— The gas produced flows: through the metal filter 
into the airbag D 


cial purpos 


Gas to the Airbag 








Gas to the Airbag 


Rupture Disk Open 
Generator — 2nd Deployment Stage Ignited 


Function: 


— Igniter 2 is activated 


— Deployment of stage 2 occurs after deployment 
of the 1st stage 


— The gas produced flows through the metal filter 
into the airbag 


Gas to the Airbag 


Igniter 2 
Activated 





Rupture Disk Open 


Gas to the Airbag 
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One Stage — Hybrid (variant 1) 


The one-stage hybrid gas generator consists of an Function: 
igniter, a solid fuel charge and a compressed gas . 

— The detonator Is activated 
— The projectile is accelerated and breaks through 
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Function: 

— The projectile impacts onto the solid fuel charge 
igniter and ignites It 

— The gas mixture produced flows through the gas 
distributor tube and into the airbag 


Generator — Gas Generant Ignited 
Gas to the Airbag 





Gas to the Airbag 
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S %, 
This one-stage hybrid gas generator consists ef a Function: Z 
compressed gas bottle in which an ignition unit is —_ . 5 
installed. This contains the igniter, the ignition charge ~ The igniter is activated % 
and the actual gas generant. = — The ignition charge Is ignited; this then ignites the % 
5 gas generant oy 
~ 2 
g — |n the compressed gas bottle, the pressure d 
c increases until the rupture disk shatters 
v) 
9 — The gas produced flows through the metal filter 
Q into the airbag 
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One Stage — _ eni 1) 


The structure of this aa -stage hybrid gas generator is similar to the one-stage hybrid gas genèrator. However, 
the gas generator has a second stage, consisting of an igniter, ignition charge and gas generant. 


Function: 


in part 


— Igniter 1 Is activated 
— Ignition charge 1 is ignited; this then ignites gas generant 1 


— The gas produced causes the pressure in the compressed gas bottle to increase until the rupture disk 
o” 
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Function: 
Airbag 


— Igniter 2 is activated 
— The procedure continues after deployment of the 1st stage; the gas mixture flows into the airbag 


Gas to the 
Generator — 2nd Stage Ignited Airbag 


Igniter 2 
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Gas to the 
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a 
Two in — Hybrid (variant 2) 


€ 2 

The generator also has two separate solid fuel 

deployment stages. These are connected to a 
O 


— Gy 
Qs. 
% 
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Function: 
compressed gas bottle with integrated plunger 


system, in turn connected to a housing with outlet 
apertures tor escaping airbag inflating gas. 
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— Igniter 1 Is activated and gas generant 1 Is ignited 

— The gas produced moves a plunger, which opens 
the compressed _gas bottle’s seal diaphragm; the 


P gas mixture continues to flow into the airbag 
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Function: 


— Igniter 2 is activated 


Seal Diaphragm Open 


Gas to the Airbag 
The procedure continues after deployment of the 
1st stage; the gas mixture flows into the airbag 


Generator — 2nd Stage Ignited 
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Gas Generator for Side Airbag 


Tubular gas generators are used for the front side Function: 


airbags. eee . 
— The igniter is activated 


— The ignition charge Is ignited; this then ignites the 
gas generant 

— The gas produced flows through the metal filter 
into the airbag 


One Stage — Solid Fuel 


The generator consists of a housing, into which an 
igniter, an ignition charge, the actual gas generant 
and a metal filter are integrated. 
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One Stage — Hybrid 


The generator consists of a housing with igniter, gas Function: 

generant, metal filter and the axially flange-mounted o, 

compressed gas bottle. — U oi is activated and the gas generant is 
ignite 


— The gas produced breaks thr6ugh the two rupture 
disks and mixes with the cold gas from the 
compressed gas bottle 


Sd The gas mixture flows out of the Seren gas 
bottle, through the metal filter and into the airbag, 


Generator — Not Ignited 


Gas Generant Metal Filter Compressed 
: Gas Bottle 


Igniter 
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Gas Generator for Side Curtain Protection Airbag 


Tubular gas generators are used for the Side Curtain Function: 


Protection airbags. IKSWager . 
— The igniter is activated and the gas generant Is 


ignited 

— The gas produced breaks through rupture disk 1 
and the pressure in the compressed gas bottle 
increases until rupture disk 2 breaks 


One Stage — Hybrid (variant 1) 


The generator consists of the compressed gas 
bottle, in which the igniter with gas génerant Is 
installed on one end and a metal filter with the outlet — The gas mixture now flows out of the 


openings to the gas lance installed on the other side. compressed gas bottle, through the metal titer 
and into the airbag 


Generator — Not Ignited 


Gas Compressed Outlet Openings 
Generant Gas Bottle to the Gas Lance 


Igniter 





Rupture Disk 1 Rupture Disk 2 Filter 





Generator — Ignited 


Gas to the 
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Igniter Gas to the 
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1 Open 2 Open 
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One Stage — Hybrid (variant 2) 


A slightly different design that has the igniter Function: 


installed into the side of the generator is also oo . 
Tce llsdon Gene Eaodels: jen AG. Volkswagenz, The igniter is activated and the gas generant Is 
ignited 


— Asa result ef this, the support is mechanically 
fired out from: its seat 

— The cold gas which. i is stored in the compressed 
gas bottle now breaks through the rupture disk 
and flows through the filter into the airbag 





Generator — Not Ignited Generator — “Ignited 
Gas to the Airbag. 
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Safety Belt Pre-Tensioners 


Safety belt pre-tensioners tension the belt in the 
event of a vehicle crash. This reduces belt slack (play 
between the safety belt and the wearer's body). The 
belt therefore prevents the occupant from moving 
forward (relative to,the movement of theovehicle) at 
an early stage, 


A satety belt pre-tensioner is able to retract the 
belt.6y approximately 6 in (730 mm) within 13 
nailliseconds. If the counterforce acting on the belt 
iS greater than the force of the safety belt pre- 
tensioner, safety belt pretensioning is ended. 


According to the structure and principle of operation 
of the safety belt pre-tensioners, a distinction is 
made between: 


Cable-type safety belt pre-tensioners 
Ball-type safety belt pre-tensioners 
Wankel-type safety belt pre-tensioners 
Toothed rack-type satety belt pre-tensioners 
— Strap-type safety belt pre-tensioners 


These can be triggered both mechanically and 
electrically. 


Depending on a vehicle's level of optional equipment, 
these may be installed on only the front or also on 
the rear seats. 





Mechanically Triggered Safety Belt 
Pre- Tensioners 


Cable-Type Safety Belt Pre-Tensioners 


The system reacts mechanically at a specific 
deceleration value, and operates independently of 
the Airbag Control Module. 


The safety belt pre-tensioner unit forms a module 
with the belt inertia reel. The system is mounted in a 
protective tube on a bearing cap, similar to a vertical 
pendulum. A cable is secured to a plunger. The cable 
is railed up in a cable store above the protective 
tube: 


The pre-tensioner unit consists of: 

— The sensor system in the form of a spring mass 
system 

— A gas-generator with pyrotechnical gas generant 

— Aplunrger with cable in the pressure tube 
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Ignition Tensioning 
The gas rapidly flows into the pressure tube and 
pushes the plunger down with the cable. On initial 
movement of the cable, which is rolled up on the 
coupling plate, the toothed segment is shifted 
radially outwards from the coupling plate due to 
the acceleration force, and engages In the winding 
shaft’s annular gear on the belt inertia reel. 


If vehicle deceleration exceeds a specific value in the 
event of a crash, the sensor mass begins to move 
counter to the sensor spring force. The sensor mass 
consists of the sensor carrier, the gas generator with 
the pyrotechnical gas generant, the Impact spring, 
the plunger and the pressure tube. 


If the sensor carrier has exceeded a specific travel 

on compression of the sensor spring, the gas 

generator, which Is held by the sensor screw In Its 

resting position, is vertically released. Due to the 

pretensioned impact spring, it is accelerated towards 

he im In in the impact plate. When the gas oe 

sees eee onto the eae pin, the ae ene 
be we Annular Gear 

generator’s gas generant Is ignited. 
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A variation of the mechanically triggered cable-type The mechanical sensor system and the pyrotechnical 
safetybelt pre-tensioner was used on early Jetta trigger are integrated into the trigger unit. The 
models in the North American market. sensor system operates mechanically at a specific 

z deceleration value, and operates independently of 


The S stem is connected to the inertia belt reel via a i O 
a the Airbag Control Module. 


tensioning cable. 
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Function 


A The sensor unit, consisting of the sensor mass, pressure cylinder, plunger and gas generator, moves in the 
direction of travel until the lock balls engage radially past the sensor head 


B Due to the lock balls’ radial engagement, the gas generator is released and accelerated towards the Impact 
bolt with the pre-tensioned impact spring 


C When the gas generator impacts onto the impact bolt, the gas generant ignites 
D Due to the ensuing pressure, the plunger separates trom the sensor mass 


E During the course of expansion, the plunger carries the pressed cable end along and retracts the steel cable 
by up to 6 In (730 mm); the bearing cap Is ejected 
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Cable-Type Safety Belt Pre-Tensioners Protective 


Cap 
The cable-type safety belt pre-tensioner forms a Not Deployed 
module with the belt inertia reel. 
Cable-type safety belt pre-tensioners are used for Tube 
the driver and front passenger seats on various 


Plunger 
Volkswagen models. 
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Ignition of the gas generator produces a gas mixture, 
which pushes the plunger with the attached cable Direction of 
upwards within a tubé. Due to tensioning, the cable Retraction 
lles closely against the coupling plate connected 


to the retractor shaft and turns it in the direction of 
retraction. 


Plunger 


Deployed Tube 


Cable 


Coupling 
Plate 


Retractor 
Shaft 
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Mechanically or Electrically Triggered 
Safety Belt Pre-Tensioners 


The diagram shows the high-pressure regulation 
function of the high-pressure pump. The complete 
delivery cycle for a cam Is shown here. 


Ball-Type Safety Belt Pre- Tensioners 


Mechanically or electrically triggered ball-type safety 
belt pre-tensioners are used by Volkswagen on 
various models. 


The ball-type safety belt pre-tensioner is a compact 
unit, which includes the belt tension limiter in 
addition to a safety belt fastened recognition feature. 


This safety belt pre-tensioner may be installed on the 
front and rear seats. 


Mechanical triggering only takes place if the safety X 
belt fastened recognition feature has detected a 
fastened safety belt. 


Function 


The safety belt pre-tensioner is driven by ball The 
balls are stored in a storage tube. In the eventof a 
crash, the gas generant is ignited by a deployment 
unit. In the case of the electrically triggered saféty 
belt pretensioner, the deployment unit is activated, by 
the Airbag Control Module. , 


When the gas generant is ignited, the expanding 
gases set the balls in motion and drive them into the 
ball collection container via a gear. As the belt coil 
carrier is firmly joined to the gear, it is also rotated by 
the balls and the safety belt is tensioned. 
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Wankel-Type Safety Belt Pre- Tensioners 


The Wankel-type safety belt pre-tensioner operates 
according to the rotary piston principle. 


It is usually installed in the area of the rear seats. 
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Unit 





Belt 


Rotary 
Piston 


Detonator 


Function 


„gan purposes ir 


© 
The 1st detonator is triggered mechanically or 
electrically. The expanding gas rotates the rotary 
piston. The rotary pistofiis connected to the safety 
belt shaft. As the shaft isturned, belt tensioning 
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After reaching a certain angle of rotation, the rotary 
piston releases the overflow channel to the 2nd 
detonator. The working pressure in chamber 1 ignites 
the 2nd detonator. The rotary piston continues to be 
turned. The combusted gas from chamber 1 escapes 


via the outlet channel. 


Chamber 1 
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On reaching the 2nd overflow annel the 3rd 
detonator is ignited due to the: working pressure in 
chamber 2. The rotary pistom’continues to turn and 
the combusted gas from chamber 2 escapes via the 
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co 3rd Detonator 


Chamber 2 





Passive Occupant Protection Systems 





Electrically Triggered Safety Belt 
Pre- Tensioners 


Toothed Rack-Type Safety Belt Pre- Tensioners Damping 
Element 













The toothed rack-type safety belt pre-tensioner Start of Deployment 
forms a module with the belt inertia reel. 

Toothed rack-type safety belt pre-tensioners are used Bene 
for the driver and front passenger seats In various 


Volkswagen models. 


Pinion 


Function | Gear 2 





The signal from the Airbag Control Module ignites 
the gas generator’s gas generant. Ihe pressure 
which builds up causes the plunger, which Is joined 
to the toothed rack, to move upwards. The toothed 
rack drives gears 1 and 2 via the pinion. 


Roller 


Torsion Shaft 


Outer Ring of 
the Freewheel 


Plunger with 
Toothed Rack 


Gas Generator 


Gear 24s firmly joined to the outer ring of the End of Deployment 
freewheel for the torsion shaft. If this outer ring 
now rotates, the rollers are pressed inwards until 
they jam between the outer ring and the torsion 
shaft, thereby achieving positive engagement. 

The rotational movement is now transferred to the 
torsion shaft, and belt retraction begins. 


Position of Rollers on 
Positive Outer Ring/Torsion 
Shaft Engagement 


Rollers in 
Home Position 
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Belt Tension Limiters 


To prevent excessive loads on the occupants In the Belt Stitched in the Form of a Loop 


event of a crash, the belt inertia reels are equipges 


with belt tension limitation devices. A very simple technical solution for limiting the belt 


force is a safety belt stitched in the form of a loop. 


As of a certain load level, the belt tension limiter This has b d 115 Volk del 
extends the belt slightly and allows fhe occupant to c G 
sink into the airbag, which has already inflated. In the event of excessive tensile load, these seams 


tear open and the belt becomes longer. This reduces 
the tensile force and the load on the occupant. 








Stitched Area 
of the Belt 






Belt 
Stitching 





Belt 
Clamp 


46 


Passive Occupant Protection Systems 





wager AG. Volkswagen AG go 
e 





wS Sh 
r à 7 act hy 
Torsion Limiter S95 
a C 
VA Co a , 
This belttension limiter is installed on the ball-type The belt's tensile load is limited by a torsion shaft in 
safety:belt ore-tensioner, the Wankel-type safety belt the belt’eoil carrier. Depending on the belt's tensile 
pretensioner, the strap-type safety belt pre-tensioner load, the torsion shaft is turned to a greater or lesser 
and-the toothed rack-type safety belt pre-tensioner. degree and-therefore reduces peak loads. 
QD D 
% 
oO 
Q 
Q, 
©. 
Belt 
Belt Coil 
Carrier 


Gear is Joined 
to Torsion Shaft 
on this Side 






WL 
£ 
= 
£ 
n 
© 
€ 
O 
Q 
= 
ol 
Q 
n 
O 
a 
fee 
2 
oO 
‘S 
O 
> 
Ç 
D 
O 
% 
% 
Ta 
O 


K2 
0>, 
“Wy, 
MA 
Belt Coil Cartier,i 
Able to Rotate Freely: 


in Gear's Inner Ring 


Belt Coil Carrier is 
Joined to Torsion 


Shaft on this Side Torsion Shaft Runs 


in Belt Coil Carrier 


47 





48 


Passive Occupant Protection Systems 





Head Restraints 


The front seats are designed in such a way that the 
likelihood of cervical spine injuries (for example, 
whiplash) are reduced. 


A distinction is made between active and passive 
systems. In both systems, the risk of cervical spine 
injuries is reduced by reducing relative movement 
between the shoulder and head in the event of a rear 
Impact. 


Active Head Restraint 


The active head restraint is a purely mechanical 
system, which shifts the head restraint forwards to 
the head in the event of a rear impact. This redaces 
relative acceleration between the shoulder and head 
during a crash. The active head restraint system Is a 
reusable system. 


Function 


If an acceleration force acts on the rear end of the 
vehicle in the direction of travel, the vehicle's speed 
increases in relation to that of the occupants. This 
difference in speed is the result of the occupants’ 
mass inertia. 


The occupants, who are pressed more intensively 
into the seat, increase the pressure on the lumbar 
plate in the seat backrest. The lumbar plate’s 
movement is transmitted to the head restraint via a 
lever mechanism, and the head restraint Is moved 
forwards to the head. As soon as the body pressure 
is reduced, the system is returned to its initial 
position via the tension spring. 


M passive systems, the risk of cervical spine injuries 
are reduced by the specific design of the,entire seat, 
the head restraint and the distance between the 
head and head restraint without moving parts: 


In active systems, the head restraint Is moved 
towards the occupant in the event of a rear impact: 


System Not Activated 


“Active Head 
Restraint” 
Functional Unit 








Tension 
Spring Lumbar 
DS Plate 
System Activated 
Head Restraint 
Moves Forward 
Body 
Pressure 
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Child Restraints 


LATCH Lower Universal Anchorages — 





The LATCH lower universal anchorage attachment Y 
points are between the rear seat back and rear seat $° 
cushion. * 
LATCH lower universal anchorages secure th g% 
child restraint system in the seat without using the 
vehicle's safety belts. Anchorages provide a secure 
and easy-to-use attachment and minimizesthe 


possibility of improper child restraint installation. 


— 





Cc 
Important! Improper use of LATCH lower 
universal anchorages can cause 
serious personal injury iA an accident. 
Always refer to the Owner's Manual 
for a complete description of the 
proper installation, use and important 
warnings regarding the LATCH lower 
universal anchorages. Z 
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An additional upper retaining belt is used with the 
LATCH lower universal anchorage system. This upper 
retaining belt is also called “Top Tether.” 


The additional, upper belt secures the child seat 
better. The child seat is thereby held against the seat 
backrest and prevented from tipping forwards. 


The design may differ depending on the vehicle 
model. The illustration shows a Top Tether system in 
the Volkswagen Golf. 


The upper retaining belt is attached to the child 
seat's two upper retainers. The other end of the 
belt is attached to a retainer, specifically intended 
tor this purpose, on the rear wall of the luggage 
compartment. The eye Is identified with the Top 
Tether symbol. 





r | lee N 


Top Tether | w 
Retainer Pee 
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salnurposes, In part or jp Whole, 
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Roll-Over Protection 


Due to their open-topped | design, convertibles are The Airbag Control Module houses a sensor for 
equipped with spe alSfements which help to “S Noy detecting a vehicle's potential tor rolling over during 
protect occupants In the event of roll-over accidents. ap, a crash. Together with other sensors installed in the 
“control module, the accident severity is determined 
andthe roll-over protection and safety belt pre- 
tensioners are deployed. 


Ry 
When deployed, the roll-over protection system 
creates. a protective zone for the occupants in 
combination with the A-pillars. 
As soon ías a safety belt pre-tensioner or airbag is 
triggered Ahe roll-over protection system is also 
deployed a%Ša precaution in the event of a frontal, 
lateral or reap, impact with high accident severity. 
® 


S 
Theŝroll- over protection system will be described 
using the New Beetle Convertible as an example. 


Roll-Over 
Protection 


f i ayon 
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Function 
When de-energized, the roll-over protection bars are The pre-tensioned spring extends the roll-over bars 
held in place by Driver RollovercProtection, solenoid within approximately 0.25 seconds, and the detent 
N309 and Front Passendgér Rollover Protection °°s nq, rail holds them in this position. After extending by 
Solenoid N310,.0°° May. ; 3 in (80 mm), the roll-over bars can no longer be 
It Airbag Control Module J234 detects a crash or ence back due to the detent rall. 
the vehiéle’s imminent rolling over, the roll-over After being extended, the roll-over bars can be 
protection solenoids N309 and N310 release the roll- mechanically released and returned to their initial 
over bars. positions 

[Q Z 


Z, 





Roll-Over 
Protection 


Pre-Tensioned 
Spring Detent Rail 


MEU poena 


a 
cd 





N309 or N310 
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Battery Interrupter Devices 


If the starter battery is installed in the vehicle's 
interior or luggage compartment, a battery 
interrupter element may be installed. The purpose of 
this device Is to interrupt the cable from the starter 
battery to the starter and alternator. If the cable to 
the starter and alternator short-circuits in the event 
of an accident, the possibility of vehicle fires is 
reduced. 


Battery Interrupt Igniter N253.(variant 1) 


Battery safety terminals with Battery Interrupter 
Igniter N253 are installedzon the Phaeton. 


This pyrotechnical component disconnects the cable 
between the starter battery and the starter. 


Function 


The battery safety terminal isesecured directly on the 
positive terminal of the starter battery with a clamp. 
Ignition of the gas generant in the-battery isolation 
igniter N253 and the resulting gases cause the 
conical pin to be pushed out from its Initial position 
in the direction of the arrow. 


52 


If an airbag is triggered during an accident, the 
battery interrupter device Is also automatically 
activated. In a rear crash, the battery interrupter 
device is activated along with safety belt pre- 
tensioner deployment. 


The following components are used as battery 
interrupter devices: 


— Battery Interrupt Igniter N253 


— Battery Switch-Off Relay J655 (with Main Battery 
Switch E74) 


Initial Position 















Battery 
Interrupter Starter 
Igniter N253 Cable 
Positive | 
Terminal 


of Starter 
Battery 


Conical 
Pin 


Ignition 


Conical 
Pin 


Positive 
Terminal 
of Starter 

nik Battery 





Clamp 
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After the conical pin has been moved due to the 
expansion of the gas, it is prevented from returning 
to its position by a counter bearing. The electrical 
connection between the starter battery and the 
Starter therefore remains interrupted. 


Final Position 





Counter 
Bearing 





N253 receives an ignition signal from the.airbag 
control unit J234. This signal is transmitted via a 
direct line from Airbag Control Module J234 to N253. 
As a result of this, the alternator’ssand starter’s 
connection to the starter batteryis interrupted. 





A Starter Battery 
B Starter 
C Alternator 


J234 Airbag Control Moqďule 
N253 Battery Interrupter Igniter 
TV Junction Box 
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Battery Interrupt Igniter N253 (variant 2) 
Š 







Connector with 


L| ; 
A variation of the battery interrupt component is Connections 


installed on some Volkswagen models. Unlike, the 
battery safety terminal<this variation is installed in 
a separate plastic housing in the area of the starter 
battery. 2 








< 

Y 

% Y 
lr X 

oe eo Pin with 

Z V S 
Og. > Final Position Plunger 

= If 
Function 


RV nen? n 


Connector with 


The ignition of a gas generant leads to combustion Connection: 


within Battery Interrupt Igniter N253. The resulting 
gases move the plunger with pin in such a way that 
the contact between the starter battery and starter 
connections Is interrupted. 


Igniter 


N253 receives an ignition signal directly from 30 e— 30 
Airbag Control Module J234. As a result of this, the 
alternator’s and starter’s connection to the starter 
battery Is interrupted. 


A Starter Battery 
B Starter 
C Alternator 


J234 Airbag Control Module 
N253 Battery Interrupter lgniter 
TV Junction Box 
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Battery Switch-Off Relay J655 Battery Switch-Off 

S Relay J655 
Battery Switch-Off Relay J655 is another component f 
with which the cable between the starter battery and 
the startër can be separated. Main Battery Switch 
E74 is also integrated into the battery switch-off 
relay. < 





An activated J655 can be recognized via the viewing 
window. In the case of an interrupted cable, a white 
cover can be seen in the viewing window instead 

of a copper coil. Once activated, Battery Switch-Off 
Relay J655 must be replaced. 








= Viewing 
fo | Window 


Battery Switch-Off Relay J655 is triggered by the 30 30 
Airbag Control Module J234. In addition to actuation, 15 + 15 
J234 also undertakes diagnostic monitoring and | | 
stores faults which have occurred. 


Starter Battery 
Starter 


Alternator 


E74 Main Battery Switch 
J234 Airbag Control Module 
J655 Battery Switch-Off Relay 
TV Junction Box 
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System Management 
Airbag Control Module J234 


The electronics integrated into Airbag,Gontrol 
Module J234 have the task of recording vehicle 
deceleration and vehicle acceleration and recognizing 
if occupant protection system’deployment is 
necessary. 


External sensors are also;-used to record vehicle 
deceleration and vehicle acceleration during an 
accident In addition tohe internal sensors in Airbag 
Control Module J234.=Only once the information 
trom all sensors has been evaluated do the 
electronics in Airbag Control Module J234 decide 
whether and when the safety components are 
activated. Depending on the type and severity of the 
accident, only the safety belt pre-tensioners or the 
safety belt pretensioners and airbags are deployed. 


The steps required to replace Airbag 
Control Module J234 can be found in 
the workshop manual applicable to the 
vehicle (ElsaWebyor in “Guided Fault 
Finding” or “GuidedFunctions” of the 
VAS Scan Tools. 





The electronics in’Airbag Control Module J234 have 
the following main tasks: 


— Crash detection (front, Side, rear, roll-over*) 


— Defined deployment of thesaftety belt pre- 
tensioners, airbags, battery 'Aterrupter and roll- 
over mechanisms* 


— Safety belt warning (request toyut on safety 
belts) 


— Evaluation of all input information 
— Permanent monitoring of the entire airbag system 


— Storage of DICs and information òn deployed 
protection systems 

— Fault indication via Airbag Malfunction Indicator 
Lamp (MIL) K75 

— Independent energy supply via-capacitor for a 
defined period of time of approximately 150 ms 


— Notification of a crash event:to other system 
components via the Drivetrain CAN-bus or 
discrete crash output (wired conventionally) 


4 are 
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en AG. Volkswagen Aq de 
e 


swag 
Data Exchange..." ue Airbag Malfunction Indicator Lamp (MIL) K75 
a P 
oo ‘9 

Airbag Control Module J234 communicates over the K75 indicates the functional readiness of the entire 
Drivetrain ČAN-bus. airbag system, as determined by Airbag Control 
i transfits Me ollowing infor Wena ModuléJ234. A malfunction is indicated by constant 

£ illumination. In more recent models, actuation is 


@ : Ze. 
— Airbag Malfunction Indicator Lamp (MIL) K75 carried out’via the CAN bus. If the data message 





“status trom Airbag Control Module J234 is missing, the 
T` n . . . . 
> Safety belt use warning (ON/OFF) warning lampols automatically switched on by 
> = . Instrument Cluster Control Module J285. 
= Diagnostic data = 
= Crash signal 3 
O 
= Crash information for Output Check Diagnosis = 
P using the VAS Scan Tools Q 
2 ESP data B 
O 
= Front passenger airbag ON/OFF status (Passive > 
2 Occupant Detection in U.S. specification vehicles) 3 
= Ò 
Theanformation that a crash has taken place is used 2 
by other control modules to release the central D 
locking System, shut off the fuel supply, activate s 
the hazar@warning lights and switch on the interior 
lights. O- 


4 
Oy 
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Crash Sensors 


Internal Sensors in Airbag Control ModuleJ234 4, Airbag Control Module J234 — Housing Sealed 


A crash sensor and a safety switch are installed as 
internal sensors in J284. 


C S N , aa = 
Crash Sensor’ > a(t 
The crash sensor is an acceleration sensor. It records z i 
S a 


the deceleration and acceleration of the vehicle in | 
both thedongitudinal axis (x axis) and transverse axis 


(y axis). = i 


siji 
Ing 
peret] 


PMINT 





Safety Switch 





In more recent control module génerations, E N 
mechanical safety switch has been replaced bya 
micromechanical acceleration sensor. 


This sensor also records vehicle deceleration and 
acceleration in the direction of travel (x axis) and 
informs the control module electronics of this for 
plausibility checks. 


Roll-Over Sensor 


A sensor for detecting roll-over is also installed in 
Airbag Control Module J234. 
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External Sensors 
Function 


External sensors are also used In addition to the 
internal sensors of Airbag Control Module J234. 


The following external sensors may be used 
depending on vehicle model: 


— Driver Front Airbag Crash Sensor2es ENAG a, 
— Passenger Front Airbag p Sensor G248 ato 
— Driver, Side Airbag, Crash Sensor G179 S9 
— Front Passenger Side Airbag Crash Sensor G180 Co 
— Rear Side Airbag Crash Sensor (on Driver side) Y 
G256 < A 
— Rear Side Airbag Crash Sensor (on front Z 


Passenger side) G257 
S Front Airbag Crash 


C 


Front Airbag Crash Sensors G283 and G284 Sensors G283 and G284 





The-front airbag crash sensors for driver side and 
front passenger side G283 and G284 are installed 

to improve frontal crash detection. These sensors 
are acceleration sensors. Ihey measure vehicle 
decéleration and acceleration in the longitudinal 
direction. Depending on the severity of the accident, 
they énable the airbags to be deployed earlier. Earlier 
deployment increases the occupant protection 
effect. 











KS 
*® 
Z 
© 
x 
K 
T 
O- 
Os 
Wy, x 
K Op \O nN“ 
1P3]Ja f \ ` . 
Oly Driver, Side 
Airbag Crash 
Side Airbag Crash Sensors G179 and G180 — Sensor G179 


Acceleration Sensors 


Both acceleration sensors and pressure sensors may 
be installed as the side airbag crash sensors on the 
driver side and front passenger side G179 and G180. 


The acceleration-type sensors are usually installed 
in the area of the B-pillar connection to the sill. 
These sensors measure the vehicle's transverse 
acceleration and forward this information to Airbag 
Control Module J234. 
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Side Airbag Crash Sensors G179 and G180 — Pressure Sensor: A 
Pressure Sensors Driver, Side Airbag 2 
T Crash Sensor G179 





The pressure sensors are installed in the right and 
left front doors: On deformation of the doors, the air 
pressure IS increased for a short time. This pressure 
increase is recorded by the sensor and forwarded to 
Airbag Control Module J234. 








C-Pillar 
Rear Side Airbag Crash Sensors G256 and G257 
Rear Side Airbag 
Crash Sensor (on 


The rear side airbag crash sensors G256 and G257 Driver side) G256 


are acceleration sensors. [hese sensors are installed 
in the vehicle in the area of the right and left C-pillar. 
Their task is to measure the vehicle's transverse 
acceleration and forward this information to Airbag 
Control Module J234. 
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Function of the Side Crash Sensors — 
Acceleration-Type Sensors 


A crash sensor essentially consists of a housing, 


evaluation electronics and a micromechanical 
acceleration sensor. 


es i Acceleration 
avy NOt Evaluation Sënsör 
ce Electronics 









In simplified terms, the acceleration sensor Is 
designéd like a capacitor. Some of the capacitor 
olatessare fixed. Their counterparts are movably 
mounted and work as a seismic mass. 


3 
= 
S 
S 
N 


O 
RESTING $ ie 
POSITIO SG CRASH 





If the seismic mass is moved in the direction of | | | | | | 
recording in the event of an accident, the capacitor’s | 

capacity changes. This information is evaluated by 

the evaluation electronics, digitally processed and -— 
transmitted to the Airbag Control Module. | 








Recording 
Direction 





Evaluation 
Electronics 
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Function of the Side Crash Sensors — 
Pressure-Type Sensors 


In the event of a side crash, the crash sensors 
measure the abrupt change in air pressure in the 
front doors. There are two types-a capacitive and 
a piezo-electric pressure senser. In both types of 
sensors, the sensor units are installed together with 
the evaluation electronicssin a single housing. 


Piezo-Electric Pressure Sensor 


The piezo-electric pressure sensor unit consists of 
a sealed cavity, ovet. which a diaphragm with piezo 
crystals is tensioned. 


Via pressurization, the diaphragm Is pressed in 

and a movement océurs In the piezo crystals. 

This movement Is processed as a voltage by the 
evaluation electronics-and transmitted as a signal to 
Airbag Control ModuleJ234. 


Capacitive Pressure Sensor 


The capacitive pressure sensor unit is designed like a 
capacitor. Io achieve this, capacitor plate 1 Is located 

in a sealed cavity. Capacitor plate 2 is tensioned over 
this as a diaphragm. 


If the diaphragm is pressurized, the distance (d) 
between the capacitor plates changes. This change 

Is processed in the evaluation electronics and 
forwarded as a signal to Airbag Control Module J234. 


Layer of Piezo 
Diaphragm Crystals 











Capacitor Evaluation 
i 2 Electronics 
f 
d i j EN 
i \ 
Capacitor 
Plate 1 
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Safety Belt Warning 





The safety belt warning system reminds occupants 
to put on their safety belts. Depending on the vehicle 
model and model year, the Airbag Control Module 


evaluates whether the driver and front passenger 
have fastened their safety belts 


When the ignition is switched ON, the Airbag Control 
Module checks Driver Seat Belt Switch E24, Front 


Passenger Seat Belt Switch E25, and Seat Occupied 
Recognition Pressure Sensor GA52,anchevallatesion a, 
this information. 


The informations forwarded to Instrument Cluster 
Control Module J285 via Data Bus On Board 
Diagnostic Interface J533. If the driver or front 
passenger are not wearing their safety belts, Seat 
Belt Warning Lamp K19 in the instrument cluster 
lights up. If a certain vehicle speed Is reached, an 


acousticswarning is emitted via Warning Buzzer and 
Tone H& 





= CAN Data Bus Cable 





Input 





Output 
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Safety Belt Warning Time Diagrams 
Optical and Acoustic Signals — 
Safety Belts are Fastened After a Delay 


Terminal 15 


Speed* 





Belt Fastened 


Safety Belt Warning System 
Warning Lamp 





Acoustic Signal 


Time ——# 


Optical and Acoustic Signals — 
Safety Belts are Not Fastened 


Terminal 15 





Speed* 


Belt Fastened 








Safety Belt Warning System 





Warning Lamp 






At least 90 seconds 
+ ii 





Acoustic Signal ORE 22203522 eee eacee 





Time —— + 


The warning is activated again if the safety belt 
status is changed during “terminal 15 ON.” 


* depending on vehicle model 
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Market-Specific Features 


Occupant Protection System Additions for 
Specific Markets 


To meet the legal and specific requirements In 
certain countries, vehicles may be equipped with 
additional systems. 


Possible additional systems: 


— Roll-over detection 
— Passive Occupant Detection System (PODS) 
— Knee airbags 


Roll-Over 


In certain vehicle models (for example, New Beetle, 
Eos and Touareg 2), an additional sensor for roll-over 
detection has been integrated into the Airbag Control 
Module. If roll-over is detected, the safety belt,pre- 
tensioners and the Side Curtain Protection airbags 
are activated. 


Passive Occupant Detection System (PODS) 


It Airbag Control Module J234 receives information 
that the front passenger seat is not occupied or 

a child seat Is installed, it deactivates the front 
passenger airbag. 


If the front passenger airbag is deactivated, it Is 
indicated to the occupants via Front Passenger 
Airbag Disabled Indicator Lamp K145 (PASSENGER 
AIRBAG OFF) and a text in the Instrument Cluster 
display. 


The system consists of the following components: 





Seat padding 

Seat occupied recognition mat 

Seat Occupied Recognition Pressure Sensor G452 
seat Occupied Recognition Control Module J706 
Front Passenger Seat Belt Switch E25 


seat Occupied Recognition Seat Belt Force 
sensor G453 


Front Passenger Airbag Disabled Indicator Lamp 
K145 (PASSENGER-AIRBAG OFF) 


Airbag Control Module. J234 
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PODS Component Networking 


Front Passenger 
Airbag Disabled 


Indicator Lamp K145 
Seat Padding 











Front 
aj = i= Passenger 
PASSENGER orgie 
AIR BAG elJa Seat Occupied Switch E25 
r Recognition 
Seat Belt Force 






Airbag Control 
Module J234 


ng 


Sensor G453 










Seat Occupied 
Recognition Mat 


Connector 
Beneath 
the Seat 
Seat Occupied 
Seat Occupied Recognition Pressure 
Recognition Control Sensor G452 
Module J706 


Note Many components of the Passive 

Occupant Detection System cannot 

be replaced separately. Always consult 

the latest repair information ¢E/lsaWeb) 

for the vehicle you are diagnosing and 

repairing. a 
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Seat Occupied Recognition Control Module J706 


J706 evaluates the signals from Seat Occupied 
Recognition Pressure Sensor G452 and Seat 
Occupied Recognition Seat Belt Force Sensor G453. 


— The signal from G452 indicates the level of tensile 
force on the safety belt 


— Based on the signal from G453, Seat Occupied 
Recognition Control Module J706 recognizes the 
weight pressing on the front passenger seat. It 
a weight of less than approximately 44 |b (20 kg) 
is pressing on the front passenger seat and no 
ofvery little belt force is detected, J706 detects 
“child seat” and reports this to the Airbag Control 
Module. The front passenger airbagisythen 
deactivated. 


— |f approximate Ib (25 kg) Aa the 
front passenger seat, fou example, amd the belt 
force exceeds a fixed value, Seat Occupied 
Recognition Control Module J706 detects that the 
child restraint is also being pressed onto the seat 
padding by the safety belt with the child restraint 
retention function. “Child seat” is detected, and 
the front passenger airbag is deactivated by the 
Airbag Control Module. 


— |fa load greater than 55 Ib (25 kg) and a lower belt 
force is detected, J706 assumes an adult person 
is occupying the seat, and the front passenger 
airbag remains active. 


Depending on vehicle model, the belt 
inertia reels for the front passenger 
seat and the outer rear seats are 
equipped with the child retention 
function. Further information can be 
found in the owner's manual for the 
relevant vehicle. 





The information from the sensors is continuously 
evaluated when the ignition is switched on. This 
ensures that Seat Recognition Control Module J706 
recognizes @ change In seat occupation and reacts 
to It. To prevent the occurrence of changing loads 
on the front passenger seat from leading to the 
immediate-deactivation of the front passenger airbag 
during vehicle operation, the system operates with 
a certainstime lag during driving. An acceleration 
sensor installed in the seat occupied recognition 
control unit reports vehicle movement to the 
electronics. 


Less than 
approximately | Very Low or None | Child Seat 
44 |b (22 kg) 


For example: . | 
55 Ib (25 kg) | Very Mah Child Seat 


Greater than 
approx. 55 Ib 
(25 kg) 


Data exchange between Airbag Control Module 
J234 and Seat Occupied Recognition Sensor J706 
takes place over a LIN bus. J706 Is a slave module to 
Airbag Control Module J234. All system diagnostics 
are performed with the VAS Scan Tool via the Airbag 
Control Module. 
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Seat Occupied Recognition Pressure Sensor G452 


G452 and the seat occupied recognition mat are one 
component. 


The seat occupied recognition mat is filled with a 
silicone-like gel, and Is located beneath the seat 
padding on the front passenger seat. If the front 
passenger seat Is occupied, the pressure in the seat 
occupied recognition mat changes. G452 detects 
this change and reports It, in the form of a voltage 
signal, to Seat Occupied Recognition Control Module 
J706. 


Depending on load, the voltage ranges between 0.2 
V (high load) and 4.8 V (low load). J706 supplies the 
pressure sensor with a reference voltage of 5 V. 


The replacement part (service kit) for the Passive 
Occupant DetectiomSystem (USA) is comprised of: 


— Seat Occupied Recognition Control Module J706 
— Seat Occupied Recognition Pressure Sensor G452 
— Seatoccupied recognition mat 

— Seat Occupied Recognition Control Module J706 
— Seat padding 

— Wiring harness between Seat Occupied 


Recognition Control Module J706 and Seat 
Occupied Recognition Pressure Sensor G452 


During repair work, the pressure hose and the seat 
occupied recognition mat must not be kinked under 
any circumstances. 


Important! The replacement part (service kit) 

for the Passive Occupant Detection 
system (USA) is already pre-calibrated 
and must not be separated under any 


circumstances. 





Pressure Hose 





al ) 
ee = =r 
Pressure Sensor 


for Seat Occupied Gel-Filled 
Recognition Seat Occupied 
Recognition Mat 
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Seat Occupied Recognition Seat Belt Force 
Sensor G453 


G453 is integrated into the front passenger's safety 
belt latch. 


It essentially Gonsists of two parts which can be 
pushed together and a Hall sender, which is located 
between magnets | and Il. A defined spring holds 
the parts in their resting position. In this position, 
magnets | andall have no effect on the Hall sender. 


When the safety belt is properly applied, a tensile 
force is exerted ‘en the belt buckle. 





Distance in Resting Position 


Magnet | 


The distance between the Hall sender and magnets 
| and Il changes. The magnets’ effect on the Hall 
sender changes, In turn changing the Hall sender's 
voltage signal. The higher thectensile force on the 
belt buckle, the more the parts move together. Seat 
Occupied Recognition Control Module J76 receives 
this information and evaluates It. 


A mechanical stop ensures that the sensor element 
is not torn apart during a crash. 





Reduced Distance When Tensile Force is Applied 
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Driver's Seat Belt Switch E24 and 
Front Passenger Seat Belt Switch E25 





The belt switches (reed switches) are installed in the 
belt latches on the front seats. 






Spring Thorn* 


As long as the buckle Is not inserted into the belt 
latch, magnets | and II act on the reed switch. 
The magnetic forces exerted by the two magnets 
counter each other. The reed switch Is open. 


so a! 
Magnet I'1s:located in the tip of oe spring 


A i 
thorn*. D } 
pga reed switch, magnet II is firmly secured in Magnet Il / 

e housing. 
Reed Magnet | 


If the latch plate is inserted into the belt latch, the Switch 


spring thorn* with magnet | moves. Magnet II acts 
on the reed switch alone. Ihe reed switch Is closed. 





Spring Thorn* 
Two resistors are integrated into the circuit. 
Depending on the position of the reed switch, 
measurement Is carried out via one or both resistors. 
Based on the resistance which is measured, the 
Airbag Control Module recognizes whether or not 
the safety belt has been fastened. 


Magnet | 


Magnet Il 









Reed 
Switch 


* Spring thorn = spring-loaded thorn 
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Front Knee Airbags (not currently used on 
Volkswagen models sold in the US) 


For specific markets, certain vehicle models may 
additionally be equipped with knee airbags. 


Knee airbag deployment increases the occupants 


protection further during vehicle deceleration at an 
earlier stage. 
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Together with the driver and front passenger airbags, 
the airbag system Is therefore able to meet the legal 
and specific requirements of certain countries in 
combination with the knee airbags. 


On the driver side, the knee airbag Is located in 
the footwell trim beneath the dash panel. On the 


passenger side, the knee airbag Is installed behind 
the glove box lid. 


Knee Airbag 
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Knowledge Assessment 


An on-line Knowledge Assessment (exam) Is available for this Self-Study Program. 
The Knowledge Assessment may or may not be required for Certification. 


You can find this Knowledge Assessment at: 


Www.vwwebsource.com 


For Assistance, please call: 


Volkswagen Academy 





Certification Program Headquarters 
1-877-491-4838 a 
(8:00 a.m. to 8:00 p.m. EST) 
Or, E-Mail: 


concierge @ volkswagenacademy.com 
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Cautions & Warnings 


Please read these WARNINGS and CAUTIONS before proceeding with maintenance 
and repair work. You must answer that you have read and you understand these 
WARNINGS and CAUTIONS before you will be allowed to view this information. 


e If you lack the skills, tools and equipment, or a suitable workshop for any procedure described in this manual, we 
suggest you leave such repairs to an authorized Volkswagen retailer or other qualified shop. We especially urge 
you to consult an authorized Volkswagen retailer before beginning repairs on any, vehicle that may still be covered 
wholly or in part by any of the extensive warranties issued by Volkswagen. 


e Disconnect the battery negative terminal (ground strap),whenever you work on the fuel system or the’electrical 
system. Do not smoke or work near heaters or other.fire hazards. Keep an approved fire extinguisher handy. 


e Volkswagen is constantly improving its vehicles.and sometimes these changes, both in parts and specifications, 
are made applicable to earlier models. Therefore, part numbers listed in this manual are for reference only. Always 
check with your authorized Volkswagen retailer parts department for the latest information. 


e Any time the battery has been disconnected on an automatic transmission vehicle, it will be necessary to 
reestablish Transmission Control Module TCM) basic settings using the VAG 1551 Scan Tool (ST). 


e Never work under a lifted vehicle unless.it is solidly supported on stands designed for the purpose. Do not support 
a vehicle on cinder blocks, hollow tiles onother props that may crumble under continuous load. Never work under a 
vehicle that is supported solely by a jack..Never work under the vehicle while the engine is running. 


e For vehicles equipped with an anti-theft radio, be sure of the correct radio activation code before disconnecting the 
battery or removing the radio. If the wrong: code is entered when the power is restored, the radio may lock up and 
become inoperable, even if the correct code is used in a later attempt. 


e If you are going to work under a vehicle on the ground, make sure that the ground is level. Block the wheels to 
keep the vehicle from rolling. Disconnect the battery negative terminal (ground strap) to prevent others from 
starting the vehicle while you are under it. 


e Do not attempt to work on your vehicle if you do not feel well. You increase the danger of injury to yourself.and 
others if you are tired, upset or have taken medicine or_any other substances that yay impair you or keep you from 
being fully alert. F 

dA, 
e Never run the engine unless the work area is well ventilated. Carbonamonoxide (CO),kills: 


e Always observe good workshop practices. Wear goggles when you operate machine tools or work with acid. Wear 
goggles, gloves and other protective clothing whenever the job requires working with harmful substances. 


e Tie long hair behind your head. Do not wear a necktie, a scarf, loose clothing, or a necklace when you work near 
machine tools or running engines. If your hair, clothing, or jewelry were to get caught in the machinery, severe 
injury could result. 


e Do not re-use any fasteners that are worn or deformed in normal use. Some fasteners are designed to be used 
only once and are unreliable and may fail if used a second time. This includes, but is not limited to, nuts, bolts, 
washers, circlips and cotter pins. Always follow the recommendations in this manual - replace these fasteners with 
new parts where indicated, and any other time it is deemed necessary by inspection. 


i 
i 
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Cautions & Warnings 


e Illuminate the work area adequately but safely. Use a portable safety light for working inside or under the vehicle. 
Make sure the bulb is enclosed by a wire cage. The hot filament of an accidentally broken bulb can ignite spilled 
fuel or oil. 


e Friction materials such as brake pads and clutch discs may contain asbestos fibers. Do not create dust by 
grinding, sanding, or by cleaning with compressed air. Avoid breathing asbestos fibers and asbestos dust. 
Breathing asbestos can cause serious diseases such as asbestosis or cancer, and may result in death. 


e Finger rings should be removed so that they cannot cause electrical shorts, get caught in running machinery, or be 
crushed by heavy parts. 


e Before starting a job, make certain that you have all the necessary tools and parts on hand. Read all the 
instructions thoroughly; do not attempt shortcuts. Use tools that are appropriate to the work and use only 
replacement parts meeting Volkswagen specifications. Makeshift tools, parts and procedures will not make good 
repairs. 


e Catch draining fuel, oil or brake fluid in suitable containers. Do not use empty food or beverage containers that 
might mislead someone into drinking from them. Store flammable fluids away from fire hazards. Wipe up spills at 
once, but do not store the oily rags, which can ignite and burn spontaneously. 


e Use pneumatic and electric tools only to loosen threaded.parts,and fasteners. Never use these tools to tighten 
fasteners, especially on light alloy parts. Always use a torque wrenchto,tighten fasteners to the tightening torque 
listed. 


e Keep sparks, lighted matches,cand open flame away from the top of the battery. If escaping hydrogen gas is 
ignited, it will ignite gas trapped in the cells and cause the battery to explode. 


e Be mindful of the environment and ecology. Before you drain the crankcase, find out the proper way to dispose of 
the oil. Do not pour oil-onto the ground, down a drain, or into a stream, pond, or lake. Consult local ordinances that 
govern the disposal of wastes. 


e The air-conditioning (A/C) system is filled with a chemical refrigerant that is hazardous. The A/C system should be 
serviced only by trained automotive service technicians using approved refrigerant recovery/reeycling equipment, 
trained in related safety precautions, and familiar with regulations governing the discharging and disposal of 
automotive chemical refrigerants. 


e Before doing any electrical welding on vehicles equipped with anti-lock brakes (ABS), disconneet the battery 
negative terminal (ground strap) and the ABS control module connector. 


e Do not expose any part of the A/C system to high temperatures such as open flame. Excessive heat will increase 
system pressure and-may cause the system to burst. 


e When boost-charging the battery, first remove the fuses for the Engine Control Module (EGM), the Transmission 
Control Module (TCM), the ABS control module, and the trip computer. In cases where one or more of these 
components is not separately fused, disconnect the control module connector(s). 


e Some of the vehicles covered by.this manual are equipped ftfila supplemental restraint system (SRS), that 
automatically deploys an airbag in’the event of a frontal impaét& The airbag is,operated by an explosive device. 
Handled improperly or without adequaté’safeguards, it can beszaccidentally.activated and cause serious personal 
injury. To guard against personal injury or airbag.system failure,.only trained Volkswagen Service technicians 
should test, disassemble or service the airbag system. 
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Cautions & Warnings 


Do not quick-charge the battery (for boost starting) for longer than one minute, and do not exceed 16.5 volts at the 
battery with the boosting cables attached. Wait at least one minute before boosting the battery a second time. 


Never use a test light to conduct electrical tests of the airbag system. The system must only be tested by trained 
Volkswagen Service technicians using the VAG 1551 Scan Tool (ST) or an approved equivalent. The airbag unit 
must never be electrically tested while it is not installed in the vehicle. 


Some aerosol tire inflators are highly flammable. Be extremely cautious when repairing a tire that may have been 
inflated using an aerosol tire inflator. Keep sparks, open flame or other sources of ignition away from the tire repair 
area. Inflate and deflate the tire at least four times before breaking the bead from the rim. Completely remove the 
tire from the rim before attempting any repair. 


e When driving or riding in an airbag-equipped vehicle, never hold test equipment in your hands or lap while the 
vehicle is in motion. Objects between you and the airbag can increase the risk of injury in an accident. 


| have read and I understand these! Cautions and Warnings: 


OK | 
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